V1

Approaches for further structure and period reduction: Increase of membrane field for higher throughput:

/s

[ SFB 917
“"High efficiency transmission masks for EUV interference lithography

S. Brose'!, L. Juschkin?, S. Danylyuk’, H. Kim?, P. Loosen’, D. Griitzmacher?

JARAFIT

Fundamentals of Future

" Chair for the Technology of Optical Systems, RWTH Aachen University and JARA-Fundamentals of Future Information Technology, Aachen, 52074, Germany,
2 Experimental Physics, RWTH Aachen University and JARA-Fundamentals of Future Information Technology, Aachen, 52074, Germany,
3 Peter Griinberg Institut, Forschungszentrum Jiilich and JARA-Fundamentals of Future Information Technology, Jiilich, 52425, Germany

Abstract

Lithography with an extreme ultraviolet radiation (EUV) is currently the main candidate for next-generation optical lithography [1]. The structuring with EUV light pushes the
diffraction resolution limit into sub-10 nm range due to the short wavelength (typically between 10 nm and 15 nm). However, number of technical challenges, such as
availablility of high power laboratory EUV sources, lifetime of optical components, mask manufacturing and defect control, slow the wide spread implementation of the
technique. For interference lithography with EUV radiation one of the main challenges is a manufacturing of low-defect high-efficiency transmission gratings. Due to a very
strong absorption of EUV radiation in a matter only a very thin (< 300 nm) free-standing membrane of selected materials can be used for a transmission part of the grating.
Standard membrane technology utilizes silicon nitride membranes [2, 3] that are mechanically stable and relatively transparent between 12.4 nm and 16 nm.

The presented fabrication process of high-efficiency transmission masks is based on free-standing niobium membranes and demonstrate high contrast not only for in-band
EUV (13.5 nm) radiation but also for wavelengths below Si L-absorption edge (12.4 nm) targeted for next-generation lithography.

The masks and filters with free standing areas up to 1000 x 1000 um? and 100 nm to 300 nm membrane thicknesses are shown. Electron beam lithography and ion beam
etching of an absorber layer with dense line and dot patterns with sub-50 nm structures is demonstrated [4].
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